In this work, it is proposed the use of a river lock as a non-formal setting for teaching hydrodynamical concepts. In particular, we describe the operation of a river lock situated in the Sobradinho's dam, at the São Francisco River (Brazil). A model to represent and to analyse the dynamics of a river lock operation is presented and we derive the dynamical equations for the rising of the water column as an example to understand the Euler's equation. Furthermore, with this activity, we enable an integration between the content initially introduced in the classroom with practical applications, allowing the association of physical themes to contents relevant in other disciplines such as History and Geography. Besides this, experiences of this kind enable teachers to talk about the environmental and social impacts caused from the construction of a dam and, consequently, crossover of concepts have been possible, making learning more meaningful for the students.
I. INTRODUCTION
According to the National Curricular Parameters (Parâmetros Curriculares Nacionais) 1 of Brazil, the student's formation must have, as the main objective, the getting and comprehension of basic concepts, as well as the scientific preparation and the capacity to use different technologies related to the different actuation areas. In the secondary level, it is proposed a most general formation, opposite to that specific one. It is also proposed the development of the capacity to research, analyse and select informations. Furthermore, education must aim develop the capacity to learn, create and formulate, instead of memorization exercise.
In this way, one can not restrict education to the scholar context, once it can happen in several places, from which we can cite scientific disseminate centers and museums 2, 3 . Moreover, it is known that the student's knowledge is gotten not only in experiences occurring inside the classroom, but also from their experiences in the everyday life and didactic activities, which can be proposed, for example, by the teacher. Thus, the scientific dissemination centers, the electronic media and the science museums are important tools in the learning process 4 . According to Langhi et al 5 , learning may happen in several environments, and these ones can be classified as formal, informal and non-formal settings. Furthermore, we can cite, as learning activity, the activities known as scientific popularization.
Langui et al 5 define formal education as that one occurring in the scholar environment and others teaching establishments, with own structure and planning, whose objective is to work, didactically, the systematized knowledge. The non-formal education is that one having collective character and involving educative practicals which does not occur in the scholar environment and has not legal requirement. During these activities, the student experiments the freedom to choose the concepts to be learned. Among the examples offering non-formal settings, one can cite: museums, media, training agencies for specific social groups and nonconventional teaching institutions, which organize events such as free courses, science fairs and scientific meetings 5 . It is important to say that, in spite it does not occur in a scholar environment, the non-formal education is not free of a certain degree of intentionality and systematization.
In this context, museums and science centers, which can be classified as non-formal education settings 5 , can favour the conceptual expansion and refinement in an environment which can bring emotions, becoming coupled with the cognitive process, doted of an intrinsic motivation for the learning of science 6 . Furthermore, non-formal settings are places providing the appreciation and the understanding of sciences by voluntary and individual actions, popularizing the scientific and technological knowledges 7 . And still, nowadays, it is increasing the concern with both, affective and emotional impacts and with the production of meaning and knowledge construction 8 .
Given the importance of non-formal settings for the student's learning, there are several works dedicated to research the influence of museums for the science education (see, for example Refs. 2, 3, 7, 9, 10 ). Nevertheless, the presence of museums and science centers are not a reality in the most of Northeast of Brazil. Thus, to visit one of these non-formal spaces must be a tiring, stressful and expensive activity, due the distances among several cities located in this region and the nearest scientific centers. In this case, in order to provide different learning environments for the students, the teacher can propose accessible activities in his living region and to arouse the enthusiasm of the student for scientific knowledge.
When we think in hydrodynamics teaching, several works have investigated about the learning process and new forms to address concepts on this issue. For example, one can cite some elaborated experiments destined to teach fluid dynamics 11, 12 . Furthermore, Arellano et al have proposed the injection of particles or bubbles in order to simplify the complex task of teaching the hydrodynamics of a swimmers propulsion to undergraduate students of Physical Education, once, with this technique, the students have the opportunity to see how the water is actively moving when the body is propelled through the water 13 . In addition, from the analysis of 15 original simulations, created with GeoGebra software, Romero et al 14 have applied a questionnaire on the interest of using simulations to teach fluid mechanics to simulation-taught students and compare the answers to that given by students taught without use of simulations. At the examination, the average grade and the percentage of passed students were higher in group 1 than in group 2, however, the author recognises that additional strategies need to be adopted aiming to help students develop the skills required to succeed in physics course. An apparent paradox in communicating vessels systems is discussed in the work of Miranda 15 , in which the author shows that, for a liquid in any connected vessel system, it is not possible to realize simultaneously Pascal's principle, mass and energy conservation. In addition, there are propositions of hydrostatic teaching from experimental activities using low cost materials, e.g., plastic bottles 16 and water cup 17 .
Finally, the transport of water from the roots to the crown of trees is discussed for two conduit architectures is considered in the work of 18 and it is proposed to be exposed to undergraduate students, in order to get an interdisciplinar communication with Biology. In this work, the author considers the subject of broad interest because it provides a naturallyoccurring example of an unusual metastable state of matter.
In this Paper, we report the proposition to study basic concepts of hydrodynamics from the visit to a river lock, which consists in a work of hydraulic engineering that allows boats ascend or descend the rivers and seas in places where there are gaps (dam or waterfalls). In our case, we have chosen to visit the Sobradinho's river lock, once it is the nearest structure of this kind to Senhor do Bonfim -BA, Brazil. Furthermore, we show the proposition to construct a model of a river lock, in order to study the operation of this system, in more details. We also discuss the opportunity that must be given to the students, to discuss and couple knowledge of different contents of other disciplines, such as Geography and History, to Physics, seeing the science as a human activity and understanding about social, economic and politic impacts brought from the construction of a dam.
This work is divided as follows: in section 2, we present the Sobradinho's river lock and talk about its operation and economic importance; section 3 brings a discussion on some hydrodynamic concepts that can be addressed from the operation of a river lock; in section 4, we present the proposition to construct a model of a river lock in order to study, in more details, the river lock's operation; finally, in section 5, the conclusions are presented.
II. THE SOBRADINHO'S DAM AND HYDRODYNAMIC OF RIVER LOCKS
The artificial lake formed from the Sobradinho's dam has length of 320 km 19 (from municipality of Sobradinho to the municipality of Pilo Arcado) and a water surface area of 4,214 
A. Static
In order to study the hydrodynamical principle of the operation of a river lock, we will simplify it to a communicating vessels system, whose dynamical properties can be well defined from the Euler equation 20, 21 :
where v is the fluid velocity, ρ is its density, p the pressure of the fluid and g, the gravity acceleration. For a fluid in rest, we have: The vessel is raised to the highest level by opening a gate, which releases the entry of water coming from the dam in the region of the lock.
If the fluid density is considered constant along its volume and the z axis is taken as vertical, the Eq. (2) can be integrated to give:
Thereby, If the fluid has a free surface, in the height h, for which an external pressure p 0 , at all points, is applied, this surface must be a horizontal plane z = h. From the condition p = p 0 when z = h, we have that the constant, in the Eq. (4), is given by p 0 + ρgh, such that:
In this way, given a point in a fluid, the pressure on this point will depend only on the height of the liquid. In this case, from observing the Fig. 2 , we can conclude that, from the opening of the gate 2, a point situated in the region C will be subject, initially, to a pressure lower than the pressure on a point, at the same height, situated in the region B. From the Eq. (5), if the regions are linked, the pressure must be equal in the two points, thus, there will be a transference of fluid from the region B to C, when connecting valve between these two regions is opened. The region C does not rise its level because the water goes to the river, and, in the case of Sobradinho's dam, it goes to the cities of Petrolina/Juazeiro. Then, there is a reduction on the water height in the region B, until it reaches the level of the river (region C).
From the same principle, when the region B is in the level of the river (C), there will be a flux of water from the region A to the region B, filling this region and rising the water height.
B. Dynamics
Now, we will analyse the rising velocity of the liquid column inside the river lock in function of the water flow released by the connection valve between the regions A and B.
Obviously, if we maintain a constant flow Q, given by Q = dV dt , where V is the volume of water that pass from the region A to the region B, a boat will be rise until the upper of the river lock with a constant velocity, given by:
where S B is the surface's area of the region B. In this case, the height will be a linear function of the time, given by:
where we have done z(0) = 0. Now, we will study what occurs when the water flow is variable with the time, which can be obtained, for example, by maintaining the opening of the valve linking A and B with a constant area S P , as it is shown in Fig. 3 . In this case, when the valve is opened, the water level in the region B rises, increasing the pressure of the water on the exit S P . Thereby, if
we maintain the valve opened with a constant area, the water flow will not be constant, once the increasing of pressure in the region B will diminish the water flow through the opening that separates the two regions.
As it has been said, when the link between A and B is opened, there will be a water flow from the region A, with area S A , to the region B, with area S B , passing through the opening with area S P . In order to determine the velocity of the water when it passes through the opening, we will use the Bernoulli's equation 20 :
where κ is a constant. In this case, the fluid's velocity through the opening with area S P is given by: 1 2 ρv in which the subscript indices P and A are representing the surfaces with area S P and S A , respectively. z P ≡ z(t) is the height of water column when it pass to the region with area S B .
From the Fig. 3 , we have that z A = h, z P = 0, p A = p 0 , p P = p 0 + ρgz B (t). Furthermore, we will consider S A ≫ S P , then the lowering velocity of the water in the region A is v A = 0.
Thus, from Eq. (9), the velocity of the water through the valve linking the regions A and B will be given by:
In this way, defining z B (t) ≡ z(t), we have that the water flow Q(t) through the region with area S P is:
And, in this case, the rising velocity of the water at the river lock (region B) will be:
Once z(0) = 0, we have that the velocities of the water through the valve, v P (t) and in the river lock region, v B (t), in the instant t = 0 are given by v P (0) = √ 2gh and v B (0) =
Furthermore, they decrease their values when the height of the water column rises, in such way that these velocities will vanish when z(t) = h.
Finally, aiming to determine the function, z(t), for which the height of the water rises in the region B, we start from the velocity definition v ≡ dz dt
. One can note that:
This integral is evaluated to give:
where κ is a constant of integration. Taking the initial boundary condition z(0) = 0, we obtain κ = √ 2gh, and so:
One can note that the rising of the water level in the river lock is well represented by a uniformly variable rectilinear motion function, in which the water, and consequently the boat, begin its upward movement with initial velocity v B (0) = S P S B √ 2gh, decreasing its value with a constant acceleration given by a =
g. In this way, the needed time to the boat reaches the highest point of the river lock, z(t) = h, and continue its flux, is:
As expected, the rising time of the boat is directly proportional to the river lock surface area, S B , and decreases with the increasing of the height of the river lock.
III. CONSTRUCTING A RIVER LOCK'S MODEL
The visit to the river lock has been important because, in this ambient, the students can have contact with several devices that could not be viewed in a formal space (classroom). Aiming to test the validity of the Eq. 15, we performed some measurements with the with errors due to sealing problems in the gates, which made it possible that there was a water flow slightly higher than expected from the A to B region. In addition, there may be variations due to the actual value for the local gravity acceleration.
IV. CONCLUSIONS
We have proposed the visit to a river lock as a non-formal setting for teaching hydrodynamics. In particular, we have visited the Sobradinho's dam, situated in the São Francisco river, 150 km away from Senhor do Bonfim. This travel had, as main objective, to show the operation of a hydroelectric plant and, in special, a river lock.
With this activity, we believe that it can be enabled the integration among the propaedeutic contents, learned in the classroom, and practical applications of these ones. In the local, we have realized a discussion on the physical principles based on the operation of a river lock, as well as its economic importance, in such way that students might realize that physics is not a subject disconnected from reality, having important links with other areas of knowledge. Thus, the students realized that the economic development is linked to the scientific development of a country. When we return to the formal space (classroom), we have constructed a model to show, in a more detailed form, the operation of a river lock for the students.
The visit to the river lock, with the participation of students and teachers, allowed a greater integration among stakeholders and the contextualization of contents relevant to each discipline. As a consequence, it was accomplished with a interdisciplinarity among Physics, History and Geography, where it has been possible to discuss on problems such as siltation, transportation, economy, water use for irrigation and electricity generation, as well as social, economical and environmental impacts due the construction of a dam.
Furthermore, the History teacher could explain the evolution of the economy and culture of the communities located in places affected by the Sobradinho's dam.
Finally, besides the river lock, the presence of a hydroelectric plant at Sobradinho gave us the opportunity to discuss other physical concepts with the students, e.g., the processes of electric power generation, hydropower, alternative forms for energy generation and electromagnetic induction. We could review the energy conservation principle.
